Pahartali Zonal Poultry Farm (PZPF), Chittagong. All laboratory works related to this study were undertaken at the Department of Microbiology, Chittagong Veterinary and Animal Sciences University (CVASU), Chittagong, Bangladesh.
Study populations and their management
One flock of each of Fayoumi and RIR with the flock size 2,750 and 1,250 birds respectively were started observing from the date of their placement at the age of day 1 into two well-separated poultry sheds. This sheds had walls (made up with bricks and cement) and bottom decimetres made of concrete; windows were covered with movable curtains. The birds were supplied with balanced ration prepared by the own feed mill of the farm. Three types of ration were formulated and supplied to the observed birds: starter, grower and layer according to their ages. The major ingredients used for a ration were maize, rice polish, soybean meal, protein concentrate and oyster shell. Table 1 shows the vaccination schedule undertaken by the PZPF management for birds of the both observed groups. Vaccines were given against 4 diseases -Newcastle disease (ND), infectious bursal disease (IBD), fowl pox and fowl cholera. Both live and killed vaccines were given against ND and IBD. For ND, the first vaccine administered was baby chick Ranikhet disease vaccine (BCRDV), which is prepared from the Livestock Research Institute (LRI), Mohakhali, Dhaka using the F strain of Newcastle disease virus (NDV), a lentogenic strain of NDV. As booster dose the same vaccine was administered at day 21. To boost the immunity further killed ND vaccine was given at day 12 and 120; while a stronger live vaccine called Ranikhet disease vaccine (RDV), made from Mukteswar strain (a mesogenic one) of NDV, was given twice at day 60 and 150. 
Vaccination schedule for the study population

Determination of survival rates of Fayoumi and RIR chickens
Occurrences of diseases were considered the numbers of failures and taking this into account (the total number of failures), the survival rate of Fayoumi and RIR chickens were calculated separately by using the total number of birds survived at a definite period as numerator divided by the initial number of birds placed for the observation as the denominator. The survival progression was shown in Kaplan-Meier survival curve.
Sample collection
The two flocks were visited everyday and organ sample -liver, heart, bone marrow and gastro-intestinal tract were collected from the dead chickens for laboratory investigation. These organ samples were collected separately in polythene-bags and kept frozen at the department of microbiology at -84ºC until investigated. Blood samples were collected aseptically from the chickens. After collection of blood, the samples were left for 2-3 h in order to separate the serum from the blood clots. When separated from blood clots a serum sample was transferred into a sterile Eppendorf tube (3.0-ml capacity) and then preserved chemically with merthiolate at a concentrate of 1:10,000 to prevent bacterial contamination. The serum samples were also kept frozen at -84ºC until analyzed.
Diagnoses of diseases and measure applied for the load of a disease
Diagnoses of diseases were made by clinical signs, post-mortem examination findings supported with laboratory investigations according to OIE manual 6 . Incidence rate (IR) was applied to estimate the load of a disease in a study population. For a disease either in the Fayoumi or RIR chicken population, IR was calculated by using the total number of cases recorded during the observation as numerator divided by the total bird-months at risk observed as the denominator.
Assessment of HI titre to ND virus
To assess the level of haemagglutination inhibition (HI) titre to NDV in vaccinated chickens, HI test was performed in V-bottomed micro-well plastic plates. The test procedure was conducted as per the methodology described in the OIE manual 6 . For preparation of red blood cells (RBCs) used in the test, blood was taken from chickens that have not been primed with Newcastle disease (ND) vaccine. This collected blood was pooled in an equal volume of Alsever's solution. After that, the blood was washed thrice in PBS before used as a 1% RBCs (packed cell volume) suspension. Serum was tested in two fold dilutions. For virus suspension, 4 HA strength 'F' strain of NDV was used. For positive control, pooled serum collected from five-ND vaccinated chickens was used, and for negative control, uninfected allantoic fluid collected from 9-day's embryonated chicken eggs was used.
Data analyses
All data were entered the spread-sheet program (Excel; Microsoft Company) and then transferred to computerized statistical package stata-7 for data management and summary. The differences in the level of HI titres for the two chicken breeds at different intervals were calculated using ANOVA while the difference of the survival rates between Fayoumi and RIR chickens was shown using a χ 2 test. Figure 1 portrays (Kaplan-Meier graph) the survival rates of Fayoumi and Rhode Island Red (RIR) chickens on day basis from day 1 up to day 257. Altogether 322,850 and 196,068 bird-day at risk for Fayoumi and RIR chickens respectively were observed. And 357 Fayoumi and 237 RIR chickens died during the observation. About 99% Fayoumi chicks survived by the end of three weeks of age and within the next 3 weeks the survival rate declined by only 1%. However, higher death rates of Fayoumi chickens were recorded in the next 4 weeks started from the beginning of 7 th week and ended in the 10 th , resulting sharp declining in the survival rate from 99 to 88%. A very low weekly mortality of Fayoumi chickens was recorded in the rest period of the observation, commencing from the 11 th week until the observation was over at end of the week 37. At the end of the last week, the survival rate of the Fayoumi chickens was about 87%. Seven RIR chicks died in the first week, rendering the weekly survival rate of RIR chicks to be 99% (at the end of the first week). A slow but steady weekly mortality (1-2%) of RIR chickens was observed from the first week and up to 5 th week of their age, by the end of 5 th week the survival rate of RIR chicks was 96%. Compared with Fayoumi a higher mortality of RIR chickens was observed from the 6 th week and this higher rate of mortality continued until the 11 th week commenced. By the end of 10 th week the survival rate of RIR chickens reduced to 83%, which is significantly lower (p <0.5) than the Fayoumi chickens (compared at this same age limit). After this age, a very low mortality of RIR chickens occurred and by the end of the observation the survival rate declined only by 2%, resulting the overall survival rate of RIR chickens about 81%. Incidence rates of different diseases Quantification of the five diseases, namely, coccidiosis, coccidiosis plus necrotic enteritis, salmonellosis, colibacillosis and heat stroke, based on the measure incidence rate is shown in Table 3 . The incidence rates of major two disease conditions coccidiosis and coccidiosis plus necrotic enteritis in Fayoumi chickens were 0.095 and 0.064 respectively. These mean during this study period 95 and 64 Fayoumi chickens per 1,000 chickens might have died due to coccidiosis and its concomitant occurrence with necrotic enteritis, respectively. Salmonellosis was present in both the populations investigated but the incidence rate of it was very low (0.007 in case Fayoumi vs. 0.010 in case of RIR). Like salmonellosis, colibacillosis can also be found with a very lower rate; 6/1,000 and 12/1,000 in Fayoumi and RIR chickens respectively. Heat stroke, a non-infectious disease recorded with a magnitude of 16-17/1,000 birds of each of the two populations.
Results
Survivability of chickens of the study populations
Haemagglutination inhibition (HI) titre dynamics to Newcastle disease virus (NDV) in the study populations
In Fayoumi chickens, the lowest HI titre was recorded in the serum samples collected from the first month; except this month, the HI titre was always >log 2 6.4 in all other monthly samples (Table 4) 
Frequencies of different diseases
During the observation, 357 and 237 chickens belonged to Fayoumi and RIR chickens died with the presence of 5 different disease conditions such as coccidiosis, coccidiosis plus necrotic enteritis, salmonellosis, colibacillosis (colisepticaemia) and heat stroke ( Table 2) . Coccidiosis was the predominant disease affecting both the populations.
Causes of Mortality in Fayoumi and Rhode Island Red Chickens
Discussion
About 87% Fayoumi and 81% Rhode Island Red (RIR) chickens could survive up to the 37 week of age. This was probably the first time in Bangladesh that in a Department of Livestock Services (DLS)-regulated farm, the survival rates of both Fayoumi and RIR chickens were studied. To calculate the survival rates of Fayoumi and RIR chickens all deaths were counted and the loss of chickens attributable to the other reasons (except deaths) was excluded.
Coccidiosis caused by Eimeria tenella was the predominant disease of chickens belonged to both the Fayoumi and RIR populations. The incidence of coccidiosis in the Pahartali Zonal Poultry Farm (PZPF), Chittagong was higher than the incidence recorded in chickens in the Mirpur Central Poultry Farm, Dhaka 7 and in chickens raised under intensive/commercial system in Bangladesh 8 . Chickens of all ages and breeds are susceptible to Eimeria tenella infection 9 . Newly hatched chicks are sometimes not fully susceptible to infection because of insufficient chymotrypsin and bile salts in the intestine to cause excystation 9 .
The oocysts of coccidia build up along the growth of the chicks and the number of the oocysts then decline when the birds become immune to further infection 10 because it is a self-limiting disease 9 .
In our study, we recorded the clinical onset of coccidiosis in the RIR and Fayoumi chicks at the age of 6 and 7 weeks respectively, however, the peak of the clinically overt disease was recorded at the age of 9 weeks -such a long course of overt coccidiosis was rarely reported.
Coccidiosis might also cause immune-suppression that help opportunistic or other obligate pathogens to cause lesions in the damaged or undamaged intestinal mucosa. A substantial number of dead chickens, both Fayoumi and RIR, had both coccidiosis and necrotic enteritis. It is speculated that immuno-suppression resulted from coccidiosis (of Eimeria tenella origin) could be the predisposing factor to develop necrotic enteritis 11 .
Salmonellosis is a vertically transmitted disease. It can be found both in endemic and epidemic forms affecting poultry birds in Bangladesh. Although a very low incidence of salmonellosis was recorded, nevertheless, it delineates that salmonellosis is present in PZPF. The low incidence of salmonellosis in this study differs from that of the findings of Huq 7 who reported high incidence of the disease in Fayoumi chickens reared in the Mirpur Central Poultry Farm. Also this result differs from Talha 8 who found a higher proportional mortality caused by salmonellosis in chickens raised in commercial system. Identical but low incidence of salmonellosis was recorded in each of the two studied breeds of chickens, Fayoumi and RIR. There is a report on the presence of salmonellosis in Fayoumi birds reared in a government farm as mentioned above 7 but the incidence of salmonellosis in RIR chickens (reared in any DLS-regulated farms) might have not been reported before this study.
In this study, the magnitude of colibacillosis in any of the two chicken populations studied in the PZPF was lower than the incidence of it in the Fayoumi chickens based in the Mirpur Central Poultry Farm, Dhaka 7 . And in this central poultry farm, most of the colibacillosis cases occurred in the young birds, is however in agreement with the present study. Also the incidence of colibacillosis in the present study was lower than that of reported in the broody hen chicks of the Smallholder Livestock Development Project-2 (SLDP-2) area 12 and that of chickens reared under commercial system 8 .
Spradbrow 13 concluded that Newcastle disease (ND) is insuperable from the chickens (particularly backyard types) of the developing countries. To contain it proper vaccines and vaccinations should be chosen. Based on the findings of this study it is recommended that the current vaccination regimens practiced by the PZPF-management should be kept untouched; although a killed vaccine is expensive but it generates a high level of antibodies. At least one vertically transmitted disease, salmonellosis, is present in the PZPF. It's presence in other DLSregulated farms was also acknowledged 14 . Chickens of PZPF can be monitored serologically in the view to establishing vertically disease free parent flocks to supply disease free chickens to the rural areas of Bangladesh. Coccidiostat should be incorporated in the poultry feed of this farm to reduce the incidence of coccidiosis. Hygienic litter management should also be emphasized.
